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METHOD OF OPERATING MONOPULSE 
RADAR 

BACKGROUND OF THE INVENTION 

This invention pertains generally to target tracking radars, 
and, in particular, to a method for countering the effects of 
a Stand-off barrage-type jammer on Such radars. 
AS is known, when a nonfluctuating target is illuminated 

by a monopulse radar, the variance of the indicated azimuth 
or angle estimate (obtained by forming the real part of the 
complex monopulse ratio) is inversely proportional to the 
ratio of Sum channel Signal power to difference channel 
noise power, where noise is internally generated thermal 
receiver noise. When a barrage jammer is present, a Source 
of noise external to the radar System is effective to bias, i.e. 
exert a So-called “pulling effect,” on the monopulse ratio 
because noise in the difference and Sum channels will be 
correlated. In consequence, then, when an aircraft target 
being tracked crosses a region covered by a barrage-type 
Stand-off jammer, the target tracking radar may coast 
through the jammed region (by extrapolating the target angle 
measurements obtained before the pulling effect of the 
jammer is experienced). When Such a target emerges from 
the region covered by a barrage jammer, reacquisition of 
tracking may be effected by employing an angle gate wider 
than the angle gate normally employed in the track mode. 
The process is Subject to error because: (a) extrapolation 
over relatively long time intervals leads to large prediction 
errors caused by noise; and (b) large dynamic errors are 
encountered if the extrapolated trajectory of the target does 
not coincide with the actual trajectory flown. 

SUMMARY OF THE INVENTION 

With this background of the invention in mind, it is a 
primary object of this invention to provide a method for 
operating a radar Subject to a barrage jammer to update the 
estimate of the target position when the target is in the 
jammed region. 

This and other objects of the invention are attained 
generally by providing a signal processing technique for 
determining the angular location of an airborne target in the 
presence of a barrage-type Stand-off jammer. In the contem 
plated technique, when the radar antenna is Scanned through 
the region being jammed the radar transmitter is turned off 
and the radar passively determines the angular location and 
average power of the jammer. When the target aircraft exits 
from the jammed region the radar transmitter is activated to 
transmit Several pulses and the average angle of the jammer 
plus target as well as the average power from the jammer 
plus target are determined. From these parameters the target 
angular location is determined, thereby reducing the Severity 
of the reacquisition problem and allowing the angle tracking 
gate to be narrowed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of this invention, 
reference is now made to the following description of the 
accompanying drawings wherein the Single FIGURE is a 
Simplified Sketch of an exemplary tactical engagement 
wherein the contemplated Signal processing technique may 
be used to resolve the angular position of a target aircraft in 
the presence of a barrage-type Stand-off jammer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the FIGURE, radar system 10 (here a 
pulse Doppler monopulse radar) is shown to be tracking a 
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target 12 in the presence of a barrage-type Stand-off jammer 
14. The latter is shown to be effective in jamming the radar 
system 10 (meaning that the effective radiated power of the 
Stand-off jammer 12 is of Sufficient magnitude to degrade the 
Signal-to-noise ratio of the radar System 10 to Such a degree 
that the target aircraft cannot be detected) over a stippled 
region labeled “effective Zone of jammer.” Consequently, 
the radar system 10 must coast through the effective Zone of 
the jammer and attempt to reacquire the target aircraft 12 as 
it exits from the jammed region. The radar System 10 coasts 
through the jammed region by extrapolating the target angle 
measurements from measurements of the target aircraft 12 
before the so-called “pulling effect” (meaning weighting of 
the target monopulse measurement) of the Stand-off barrage 
jammer 14 is experienced. Unfortunately, in the presence of 
any jamming Signal it is difficult to obtain, even in the 
So-called “burnthrough' condition, an infinite target-to-am 
(T/J) ratio with the result that the target angle measurement 
will be corrupted to some extent. Therefore, the extrapolated 
target angle measurements used for the coast-through period 
will be in error, further aggravating the target reacquisition 
problem. The contemplated Signal processing technique, to 
be described in detail hereinbelow, is designed to alleviate 
the target reacquisition problem. 
The radar system 10 is shown to include a phased array 

antenna 16 which, in turn, is controlled by a beam Steering 
unit 18. The phased array antenna 16 includes a monopulse 
arithmetic network (not shown), the Sum (X) and difference 
(A) output signals from which are passed to a monopulse 
receiver 20. A high power circulator 22 is provided to the(X) 
channel to allow the output signals from a transmitter 24 to 
be passed to a phased array antenna 16. The transmitter 24, 
which is of conventional design and may, for example, 
comprise a high power traveling wave tube (TWT) 
amplifier, is shown to receive input Signals from a master 
oscillator 26 and a waveform generator 28, both of which are 
controlled by a radar synchronizer 30. 
The monopulse receiver 20 is also of conventional design 

and performs the functions of downconversion to an inter 
mediate frequency (I.F.), Sensitivity time control (changing 
the gain of the receiver 20 so that it varies with time in Such 
a way that the magnitudes of the amplified radar echo Signals 
are effectively independent of range), pulse compression, 
downconversion to a baseband Video frequency and quadra 
ture detection. The requisite local oscillator Signals are 
provided to the monopulse receiver 20 from the master 
oscillator 26. The output signals from the monopulse 
receiver 20 are digitized in an analog-to-digital (A/D) con 
verter 32 and passed to a Fast Fourier Transform (FFT) 
Signal processor 34. The latter is of conventional design and 
may be similar to that described in U.S. Pat. No. 3,875,391 
issued to Shapiro et all on Apr. 1, 1975 and assigned to the 
Same assignee as this application. Suffice it to Say here that 
the FFT processor 34 separates the frequency spectrum of 
the radar return Signals received by the monopulse receiver 
20 into a predetermined number of discrete components. 
Each one of the discrete components is represented by a 
digital word having a number of bits consistent with the 
dynamic range of the Signals produced at the output of the 
monopulse receiver 20. That is to say, the FFT signal 
processor 34 passes digital words representative of the noise 
or background level (due to any jamming energy) and the 
target Signal Strength to a digital computer 36, that computer 
here of any conventional design, then analyzes the various 
frequency components represented by the digital words, 
Selects the frequency component associated with the Dop 
pler frequency of the target aircraft 12, and produces the 
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requisite control Signals for closing the angle tracking loop 
(not shown) through the beam steering unit 18 to retain the 
target aircraft 12 under track. The digital computer 36 is also 
effective to turn off the transmitter via the radar synchronizer 
30 whenever the noise or background level due to jamming, 
as determined by the FFT signal processor 34 and the digital 
computer 36, is of Sufficient magnitude to mask the presence 
of the target 12. The period during which the transmitter is 
thus shut off corresponds to the So-called “coast through 
period.” 
When the radar transmitter 24 is turned off, the radar 

System 10 may be operated in a passive mode to determine 
not only the angular location relative to the antenna bore 
Sight 0, but also the average power, P., of the Stand-off 
barrage jammer 14 (meaning the average obtained by com 
bining the power contained within the Doppler filters of the 
range gate that contained the returns from the target aircraft 
12). Before the stand-off barrage jammer 14 masks the target 
aircraft 12 and the transmitter 24 is turned off, yet while the 
radar System 10 is experiencing the So-called "pulling 
effect” of the barrage jammer 14, the radar system 10 
measures the average angle, 6, of the target aircraft 12 plus 
the barrage jammer. 14, as well as the average power, P., 
from the two Sources. From the foregoing measurements, the 
digital computer 36 derives the angular location of the 
target, 0, in accordance with the following: 

() = 0,1-e-(PTPJ) (e-PTPJ) Eq. (1) 

where: 
6 is the average angle, relative to the antenna boresight of 

the target aircraft 12 and the standoff barrage jammer 
14; 

6, is the passively determined angular location of the 
Stand-off barrage-type jammer 14 relative to the 
antenna boresight; 

P is the passively determined average power of the 
Stand-off barrage jammer 14 within the range gate 
containing the target return; and 

P is the target return power, defined as P=P-P. 
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AS the target aircraft 12 begins to exit the effective Zone 

of the Stand-off barrage-type jammer, the foregoing proce 
dure is repeated and the computed value, 0, of the angular 
location of the target aircraft 12 is used to close the angle 
gate around the target. 
Having described a preferred embodiment of this 

invention, it will be apparent to one of skill in the art that 
many changes and modifications may be made without 
departing from the inventive concepts. It is felt, therefore, 
that this invention should not be limited to the disclosed 
embodiment, but rather should be limited only by the spirit 
and Scope of the appended claim. 
What is claimed is: 
1. In a computer-controlled radar System operating in the 

presence of a Stand-off barrage-type jammer, the method of 
reacquiring a target under track as it exits from the effective 
Zone of the jammer, wherein the average power, P., of Such 
a jammer is of Sufficient magnitude to mask the power, P., 
of a target return signal, comprising: 

(a) turning off the radar transmitter and passively deter 
mining the angular location, 0, and the average power, 
P, of the jammer when the target return signal is 
masked by the jammer; 

(b) activating the radar transmitter when the target exits 
from the effective Zone of the jammer and measuring 
the average angle, 6, and the average power, Pr, of 
the target plus jammer; 

(c) calculating the angular location, 0, of the target 
relative to the antenna boresight axis in accordance 
with the following: 

() = 01 - e Tij-ee-Tij); and 

(d) range and angle gating the signals received by the 
radar to reinstitute tracking of the target. 


